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Abstract
Adjust-A-Ramp is a portable ramp designed to ensure the safety of consumers and
prevention of damage to cars, specifically towards low profile cars. A low-profile vehicle
includes any vehicle that has a clearance off the ground of 6.5 inches or less. Advantages of lowprofile vehicles include improved handling, better braking, increased fuel efficiency, increased
stability, and an overall luxury aesthetic. The reduced tire size increases grip on smooth surfaces
with better wheel response, creating a fast, more efficient ride. The simple tire tread patterns and
the stiff sidewalls allow for lower rolling resistance which increases fuel economy. The AdjustA-Ramp can be used professionally by shops or through personal, at-home use of the consumer.
This product would be the only safe, low-profile capable, and functionally customizable car
ramp in comparison to the current market options.
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1. Introduction
The Adjust-A-Ramp is a vehicle ramp geared towards low profile vehicles. Most vehicle
ramps currently on the market are not engineered to safely and efficiently allow low profile
vehicles to get on. With the current ramps on the market, most customers with low profile
vehicles must DIY an addition to allow the vehicle to drive up on the ramp without scraping the
bottom. This leads to many safety concerns and could result in injury or damage to the vehicle.
The Adjust-A-Ramp will have an additional block that will elongate the ramp, allowing these
vehicles to get on the ramp. The sponsor and Inventor for this project is Harry Eckert. Harry has
created a prototype along with sample drawings of this product. Harry is currently working on a
Patent for this product as well.
Our job with this project was to do a complete engineering workup of the ramp. We have
optimized the current product by creating our own SolidWorks design, chose the ramp/insert
material, completed a consumer analysis, and determined the best manufacturing process. We
were also sure to research ASME and ANSI spec standards of the product along with doing a full
marketing analysis. The items above are a broad overview of the metrics for success that we
have completed which will be detailed below. Our overall goal was to be sure that this product
can adhere to the needs of most low-profile vehicles, as well as withstand everyday use and hold
up to the normal wear and tear of other ramps on the market. Many calculations, experiments
with trial and error, and research was completed to be sure that the ramp meets all the necessary
requirements.
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2. Design
The inventor of Adjust-A-Ramp brought to us an idea and work he had already
accomplished to make his idea closer to becoming a reality. This work included a CAD model of
the ramp and insert as well as a functioning prototype constructed of wood for the ramp and
aluminum for the insert. Using the information Mr. Eckert gave, us we were able to conduct our
own analysis of the ramp. By testing the prototype with multiple low-profile cars, comparing the
CAD model to the prototype, and performing an FEA analysis, we were able to note what
features of the design were strong and see where the ramp could be improved upon. The team
was able to redesign and optimize the ramp set using these results while keeping in mind ASME
Codes and Standards, which will determine whether the ramp will be able to be sold for
commercial use.
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2.1 Evaluation of Current Design
To make changes to the ramp, our team wanted to evaluate the current design to see what
changes would need to be made to improve this product. This started out with one of our team
members physically testing the ramp on a few vehicles with the help of our industry sponsor. We
then took the suggestions found from those tests to implement into the new design. We also
researched the ASME Codes and Standards to properly define what the ramp needed to be
market ready.
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2.1.1 Testing of the Current Design

We started our redesign process by working with our sponsor to test the current design of
the ramp. One of the members of the group took a day trip with our sponsor to test the current
ramps and be sure that the current design would work for a variety of vehicles. This helped bring
numerous ideas to the redesign of the ramp. Our sponsor has tested the ramps on vehicles in the
past, but we wanted to gather our own data. The cars used were a Mazda RX8, a Porsche 911 and
a Ford Fusion. In Figure 1 below is an image of the competitors’ ramps unable to lift the Porsche
911 due to a lack of clearance. This image is very vital to show how useful the Adjust-A-Ramp
can be for low-profile car owners.

Figure 1: Competitor ramp in use

One of the issues found while testing the ramp with a Mazda RX8 was that the ramps
would not stay in place. We decided that our new design would need to implement a rubber
stopper on the bottom to make sure that this would not be an issue when the ramps reach the
market. The next issue found with both the Mazda RX8 and the Porsche 911 is that the incline
4

angle of the insert was going to be too steep for some cars to get up swiftly. These cars had a
little bit of an issue with the incline but were still able to make it up the ramps. Figure 2 is an
image of the current design with the Mazda RX8 Approaching the ramp with optimal clearance.

Figure 2: Original prototype design in use

Testing the current design was extraordinarily helpful when coming up with new ideas
for the redesign. It gave us a sense of relief knowing that the current design worked and gave
these low-profile cars a great amount of clearance. It also brought to light some of the issues that
would not have been found if not for the physical testing. Below is an image of the Porsche 911
successfully sitting on the current design of the ramp.

5

Figure 3: Original prototype successfully lifting vehicle
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2.1.2 Codes and Standards Research

From our group's past experiences on co-op, we knew how vital it was to implement the
codes and standards of portable car ramps. As part of our funding from the University, we had
the ability to purchase the ASME PASE 2014 for portable automotive service equipment. This
held a very big role in our design process to be sure that the ramp would be market ready when
the project was complete.
In section 14 of the standards book, it laid out the design requirements into five sections:
Base, Stability, Surfacing, Locating Devices, and Resistance Roll-Off. In the Base segment, it
explained that the ramp will need enough stability to resist movement while the vehicle is going
on and off the ramp. The Stability section stated that the width of the base would need to be
equal or greater to the height of the ramp. In the Surfacing section, it expressed that the incline of
the ramp needs to have slip resistance. In the Locating Devices segment, it stated that the wheel
needs to provide a way for the user to be sure that the wheel is in the correct placement. Lastly,
in the Resistance to Roll-Off section, stated that the ramp should have resistance to roll off.
The last part of the codes and standards that we implemented in our project was the
Design Qualification Testing. This included three of the following sections: Proof Tests, Off
Center Load Test, and Proof Load Test. The Proof test section expressed that any change to the
ramp that may affect the ramps’ ability to meet the standards will have to undergo a proof test
that it will work. The next section, which was the Off-Center Load Test, stated that a horizontal
vertical load should be applied to the ramp for ten minutes to see if it can withstand the load. The
last section expressed how the vertical load needs to be 200% of the rated capacity and tested on
the ramp for at least ten minutes. These tests were performed under the FEA analysis in
SolidWorks and that will be shown later in the report.
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2.2 SolidWorks
2.2.1 Original Ramp Set Design

The team was fortunate enough to obtain CAD files from Mr. Eckert of both the ramp
and insert. However, there were a few issues with these files. One issue we noticed was the CAD
design and the prototype design were different from each other. As pictured in Figure 4, the
CAD model is designed to have a beam on the ramp where the insert would hook on. On the
prototype, the insert has pegs welded onto the insert which would then fall into slots carved into
the main ramp. This was an issue as testing results from the prototype could not be compared to
the CAD design as it was not the same build.

Figure 4: Prototype versus 3D model design discrepancies

The other issue was the files given to us were imported as a solid body, meaning we
could not edit certain features on the ramp. For example, any extruded cuts or fillets could not be
adjusted. SolidWorks was unable to recognize and split these features. Luckily, the body could
still be manipulated, so if we wanted to add a cut or fill in space on the ramp this was still
possible. Despite these issues, the CAD files we were given was the starting point of our new
design, and we were able to move forward with them and create Engineering Drawings, found in
Appendix A.

8

2.2.2 Modeling Redesign

On SolidWorks, the team originally began the redesign process by creating a solid block
ramp similar to the actual prototype as seen below.

Figure 5: Solid ramp new design

The same base dimensions from the original CAD design were used for this design as
those dimensions were fairly accurate to the prototype. The material applied to this design was
American Red Oak since that was the material used to build the original design. According to
SolidWorks, the ramp’s mass was 68.06 pounds. Our goal was to try to reduce this number.
Since the original CAD design had hollowed out most of the base while still maintaining
durability under the weight of car, the team decided to return to similarity of the original design.
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Figure 6: New prototype updated design

The new design, seen in Figure 6 above, would change how the insert would attach to the
ramp. This new method takes elements from both the original CAD design and the prototype: the
insert will fall in place into a slot that is supported by the rest of the ramp. The insert is also at a
smaller angle than the original prototype as during testing cars had difficulty initially getting on
the ramp. The insert could be placed in one of two slots. The first slot located near the top of the
ramp is where the insert could be placed for general storage or if the insert was not needed to
accommodate low-profile vehicles. If the ramp is being used for a low-profile car, then the insert
should be placed in the second slot. The second slot is at an angle in comparison to the first slot
so that the insert could properly fit in the ramp as it touches the ground.
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Figure 7: New prototype updated design side view

Figure 8: New prototype updated design bottom view

Besides changing the ramp to accommodate the new insert design, the model was also
adjusted to include a slot for rubber or some anti-sliding material to be placed on the bottom, as
shown above. Applying the PET material to the model, as determined through material selection,
the final ramp design has a mass of 54.55 pounds. Meanwhile, the insert, which will be made
from aluminum, has a mass of 13.70 pounds. This is much lighter than the prototype and the
solid wood block model.
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To have a complete model set similar to the prototype Mr. Eckert provided, we also
modeled from scratch a few add-ons for the ramp. One add-on will give users the opportunity to
lift the car higher if needed. The other add-on will allow users to turn their tires on the ramp if
needed to assist in alignment. These add-ons will be able to be placed on the top of the ramp and
will slide into a slot on the top flat base of the ramp. All drawings for all parts are listed in
Appendix A. From these models, the team was able to conduct an FEA analysis of the ramp and
print a miniature 3D model of the ramp.
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2.3 FEA Analysis

Finite Element Analysis, FEA, is a computerized method for predicting how a product
reacts to real-world forces, vibration, heat, fluid flow, and other physical effects (Finite Element
Analysis Software). Using computer software, one can conduct this analysis by breaking down an
object into many small, finite elements and applying mathematical equations to predict the
behavior of each element. All this data is then compiled by the computer to predict the actual
behavior of the object. In this project, our focus was on how the ramp will perform under certain
loads. Using SolidWorks Simulation software, a static load test was determined to be the best
test to perform on the ramp. To conduct the test, the team used our SolidWorks model, created a
static load simulation, applied our desired material, created a curvature-based mesh of the ramp,
defined any fixtures, and applied several loads on different faces of the ramp. Multiple tests were
conducted for various materials and compiled onto a spreadsheet.
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2.3.1 Setting up FEA

To run the FEA, SolidWorks first required user input. One of these inputs was defining
fixtures. These fixtures for the ramp were anywhere the ramp will contact the ground. In Figure
9, fixtures are depicted as green arrows. The next item defined was the force loads: the force of
gravity and the weight of the car. Gravity in Figure 9 is depicted as a big red arrow. In this case,
gravity could have been neglected as it should have very little effect since the ramp lays on the
ground, but we included to fully ensure the integrity of the ramp. The weight of the car is
depicted as the purple arrows in Figure 9. The weight of the car was applied to the sloped part of
the ramp and the top flat part as that is where the car will drive upon. The weight applied to each
component was 1500lbf in one test and 6000lbf in another set of tests. This 6000lbf was chosen
based on the average weight of a car and the load capacity of another similar product, Rhino
Ramps.
Next, a mesh needed to be created for the model. This mesh was what broke the model
into those finite elements. Since there were many curves and walls on the ramp model, a curvebased mesh with a higher fine setting was applied (the higher the fine setting, the smaller the
elements). A non-curve-based mesh would have made these elements essentially into small
cubes. Finally, the desired material was applied to the model and the simulation was launched.
Using the same loads and mesh, the test was conducted six times for three different materials and
two different force loads.
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Figure 9: FEA defined set up

*Note: Deformation depicted above is greatly exaggerated for visual purposes
Figure 10: FEA simulation deformation results
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2.3.2 FEA Results

The ramp was tested for three different materials: PET, Aluminum, and Steel. PET is a
plastic polymer that we determined would be the best material based on the material selection
analysis discussed later in the report. We also tested aluminum and steel as these are known
stronger, cheap metals and more durable ramps currently on the market are typically made from
these. The main information we wanted to obtain from the simulation was the minimum Factor
of Safety. This lets us know how much stronger the ramp is than its intended load as well as the
maximum displacement, which would let us know how much deformation the ramp experiences.
We also noted the max stress and max strain to further understand our results. Below are the
results of the FEA simulation.

Figure 11: FEA Results
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While aluminum and steel may perform better as it experiences less deformation and has
a higher factor of safety, the weight differences are drastic. Our goal was to make the ramp as
light as possible so users can easily transport or move the ramps. Our FEA simulation confirms
our material selection of PET for the main ramp since it is the lightest and is more than capable
of withstanding the weight of a car. While the PET ramp may have a factor of safety of 2.7,
which implies that it can hold more than twice the 6000lbf load, the ramp should not be used for
vehicles more than 12000lbf as each ramp can hold 6000lbf.
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3. Marketing
The marketing portion of the project consisted of product research, an assessment on the needs of
a low-profile ramp, market research, and a consumer survey. Starting with the product research and as
shown in Figure 12 below, we found that many ramps currently on the market had approach angles too
high to accommodate for the 6.5 inches of clearance for low-profile vehicles. Next, we saw that several
of the ramps that did accommodate for lower profile vehicles were out of price range for the target
consumer, added a minimal total lift, or required an additional purchase of an extension - which in the end
could double or triple the original price. Additionally, we noticed that there were no adjustable ramps
currently on the market.

Figure 12: Product analysis of 9 different car ramps currently offered on the market.

To assess the market’s need for the low-profile ramp, we looked to how many vehicles would
classify as low-profile. To assess this, we compiled an excel sheet with various makes, models, and
clearances of low-profile vehicles to help contribute to the approach angle calculations. A need for a
lower-profile ramp was statistically proven by the contrast of ramp clearance angles, versus the amount of
high-end low-profile vehicles, as shown in Figure 13. 120 low-profile vehicles were analyzed. The
18

average of each low-profile make is shown in both the lower end and upper end average. The overall
averages came in at 5.6349 inches and 6.2495 inches for the lower end and upper end clearances
respectively.

Figure 13: Pivot table of average low-profile vehicle clearance and approach specifications for luxury vehicles.

To transfer over market research material effectively and efficiently to our project sponsor, a
comprehensive presentation was created to represent the data found within the products researched.
Shown in Figure 14 below is the specifications clearly listed. In addition to this, we reported our other
market research findings. In terms of ramps on the market, this presentation will cover specs, clearances,
pricing, marketing strategies from competitors, official and reviewed pros and cons, and additional
features. As for car research, the presentation will highlight the findings of the car clearances and will
also cover the approach angle of the cars – the able from tip of the car to the bottom of the wheel.

19

Figure 14: Presentation slide comparing the specs, clearance, and price of two of the nine ramps analyzed.

Following the product and need analysis, a market analysis and consumer survey was conducted
to further assess the need from the consumers themselves. This analysis included market size, demand,
market needs, and pricing and annual sales. Once having a general basis on the market, we took
conducted a survey of 30+ participants to assess the raw perspective of needs, suggestions, and concerns.
This survey searched for what ramps were used, what features they valued, how often participants worked
on low-profile vehicles, and so on.
Wrapping up the marketing of the project, we worked to develop and comprehensive launch
video presentation that would set our product sponsor up for understanding our work and pushing for his
own further work on the product. In addition, we created a sound scaled demo, as shown in Figure 15 and
Figure 16, utilizing our 3D printed prototypes, that visibly represented how low-profile vehicles were not
equipped to clear current commercial ramps but was able to easily utilize our ramp design.
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Figure 15: Prototype demo with inserts in active low-profile position

Figure 16: Prototype demo with inserts in non-active low-profile position
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3.1 Market Analysis
Much of the fall semester was filled with conducting a market analysis, of which the most
comprehensive source was the Specialty Equipment Market Association (SEMA). This organization
brings over 100,000 attendees to a yearly conference and drafts several yearly market research reports,
making the source highly reliable in analyzing the market. Utilizing both the SEMA Future Trends and
Modern Muscle Car Accessorizer reports, we found a steady increase in modification spending, which is
projected to continue to rise (graphs shown in Appendix B). This fact was very vital on the grounds that
the reports also found that on average, nearly 50% of car owners enjoy doing their own upgrades and
modifications and 60% on average DIY their installation method, as shown in Figure 17.

Figure 17: Younger Accessorizers Are Not Afraid to Make DIY Upgrades Themselves, graph from SEMA Future
Trends Report

Now knowing the need for a general at home ramp, we discovered in the Modern Muscle Car
Accessorizer Report, and as shown in Figure 18, that 44% of all people modify their muscle cars. In the
report, they established muscle cars as modern Mustangs, Camaros, and Challengers and each car
averages 5.7, 4.3, and 5.1 inches of clearance respectively. These average clearances fall well below the
6.5-inch cap of what a low-profile height is defined to be. This, along with the product analysis, led us to
the conclusion that many low-profile car owners choose at home maintenance, thus validating the need
for our low-profile compatible product.
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Figure 18: Muscle Car Modification Data from SEMA Modern Muscle Car Accessorizer Report
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3.2 Consumer Survey
Within the consumer survey, we were probing to see what the consumers directly thought about
their current used ramps along with questions that would signify the likeliness to use/buy a low-profile
ramp. As shown in Figure 19, we found that 48.3% of participants found low-profile capabilities or
versatility as their most valued feature of a ramp. Given both the low-profile ability along with the
versatile features with the Adjust-A-Ramp, we concluded that many survey takers would consider
purchasing our ramp on the market.

Figure 19: Graph of the survey participants’ most valued features of ramps

Next, and shown in Figure 20, we discovered that several participants expressed that when not
having a low-profile ramp, they resorted to utilizing wooden planks to get their vehicle onto the ramp. On
the other hand, 32% or participants reported using jack stands to lift their low-profile vehicle. Using jack
stands can pose as a much higher danger for at-home-use to both the car and the person working on the
car, with man reports of severe injury and even death due to jack stand failure.
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Figure 20: Reported lifting methods of low-profile vehicles

We found that 93.5% of participants regularly worked on low-profile vehicles, with 61.3% of
participants even working on low-profile vehicles on a monthly or less basis. However, of all the
participants 74.2% did not own a low-profile compatible ramp. This data can be expressed in Figure 21
and Figure 22.

Figure 21: Graph of regularity of low-profile cars worked on

Figure 22: Graph of participants who own/do not own a low-profile ramp
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3.3 Packaging
Once we were nearing the end of our project, we decided to look at potential packaging
ideas for our product. With the help of the ASME Codes and Standards and packaging of
existing ramps on the market, we were able to create a rough draft of a potential packaging label
for the product. Below you can see in Figure 23 the potential label of the Adjust-A-Ramp
product when it reaches the market.

Figure 23: Potential packaging for product

In the Figure above, we implemented some marketing tactics that we thought could really
grasp the consumers attention. Our industry sponsor hopes to one day have this manufactured
and made in the United States which is a great selling point, especially to the industry that we
will be selling this product to. We also expressed a great load capacity which is rather impressive
due to most diesel trucks only averaging around 9200 lbs. Another great attraction that we wrote
was “suitable for all low-profile vehicles”. This is very important because there are very few
ramps currently on the market that accommodate for low profile cars.
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3.3.1 Codes and Standards

To create a warning label for the packaging, we used the ASME Codes and Standards for
portable automotive service equipment along with the packaging of a current ramp on the
market. This warning label will make it much easier for our sponsor once he gets to the
marketing stage to create a packaging label that meets code. Figure 24 below shows the warning
label information that we compiled.

Figure 24: Warning label for product
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4. Manufacturing
For the material and manufacturing process selection, our group took on the role similar
to that of a consultant firm. It was important for us to provide our best opinion while also
providing different manufacturing and material options suitable for the Adjust-A-Ramp. We used
the ANSYS Granta Materials Data Simulator software to assist us in the selection process and
guide us to our best recommendations. As our sponsor Harry already received potential quotes
for the ramp, we wanted to verify that his manufacturing choice was indeed the best option. We
also dove deep into researching the different processing options while keeping in mind cost and
production.
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4.1 Material Selection
Some of the requirements for the material of the ramp included that it needed to be strong
enough to withstand the weight of vehicle. This includes having a material that will be durable
and long lasting for potential warranty issues when it gets to the market. We used our codes and
standards to help determine the average weight that would be on the ramp as well as the
minimum it is allowed to withstand. The material was required to meet these verifications. The
ramp also needed to be light enough for the average consumer to lift or move with ease. Lastly,
we decided that the material category necessary for the Adjust-A-Ramp was in the Polymer
family. We took each of these requirements into consideration when making our material and
manufacturing selection as well as in our software analysis. We divided the material selection
into separate categories for the ramp and the insert respectively.
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4.1.1 Ramp

We determined the ramp itself needed to be made from some sort of resin material to
meet our requirements, be competitive in the market, and meet customer needs. In the ANSYS
Granta software, we were able to set different parameters to give us a graphical output of the best
material options available. An objectives table was created to explicitly lay out our design
requirements for both a performance and a cost-based analysis (see Appendix D). The material
graph for the performance-based selection can be seen in Figure 25 below.

Figure 25: Performance-based material selection graph for ramp

The purpose of this graph was to see the compressive strength of different materials
versus their overall average density. This was to ensure that we have a material that will be
theoretically lightweight yet will not buckle or deform during consumer use. Each of the labeled
materials were researched and taken into consideration during the selection process. Below you
will see a similar cost-based selection graph.
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Figure 26: Cost-based material selection graph for ramp

This graph depicts the overall compressive strength versus the average material cost. As
we wanted to make sure this ramp will be made in the most cost-effective way, we found it
essential to run this simulation with price in mind as well. We researched the listed materials
here and compared them with the options we found in Figure 25 to help us formulate our best
material recommendation.
Due to the information provided in the figures above, our group determined Polyethylene
Terephthalate (PET) is the material we most recommend for the Adjust-A-Ramp. The cost per
pound has a wider range due to supplier discrepancies, but it still falls into the lower end of the
other options observed. It also falls significantly high on the compressive strength chart and has a
very long-life expectancy before deformation or decomposition occurs. While PET does have a
higher density, we believe this will not impact the consumer's ability to move or life the ramp if
made from this material. With all these properties taken into consideration for multiple materials,
our recommendation is that PET would be best suitable.
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4.1.2 Insert

When running our FEA analysis trials, we noticed that the position and angle of the insert
caused it to severely deform when a large force was applied. Due to this, we decided that the
insert needed to be made from a much stronger and more durable material than the ramp itself.
We followed a very similar process as above using the ANSYS Granta software to determine the
best material for the insert. The material graph for the performance-based selection for the insert
material can be seen in Figure 27below.

Figure 27: Performance-based material selection graph for insert

For this graph, we again used compressive strength versus density as our parameters.
However, we focused in on different alloys to provide us with the necessary strength needed to
withstand the weight of vehicles driving up the ramp. Each of the labeled materials were
researched and taken into consideration during the selection process. Below you will see a
similar cost-based selection graph.
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Figure 28: Performance-based material selection graph for insert

The above figure depicts the overall compressive strength versus the average material
cost. Again, we wanted to compare the materials selected from Figure 27 with a price
considered. We used all this information to assist us in the material selection for the insert.
Our group concluded that age-hardening wrought Al-alloys is the material we most
recommend for the insert for the Adjust-A-Ramp. The cost per pound was very low in
comparison to the other materials, and it would still provide the necessary strength to withstand
very large forces without bending or snapping. It was also significantly lighter in weight in
comparison to other materials we investigated. After completing our research and comparisons
between material options, our recommendation is that age-hardening wrought Al-alloys would be
best suitable for the insert.
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4.2 Process Selection
When looking into the manufacturing process for the Adjust-A-Ramp, we already had a
strong idea of what process will be needed. However, we wanted to verify our thinking was
correct and further prove the ideal process. Using the ANSYS Granta software, we were able to
see the multiple options for manufacturing both the ramp and insert. Below you will see two
figures. Figure 29 depicts the ideal processes for the ramp while Figure 30 depicts the ideal
processes for the insert.

Figure 29: Manufacturing process selection graph for ramp
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Figure 30: Manufacturing process selection graph for insert

For the ramp, injection molding will be the best and most cost-effective form of
manufacturing. Injection molding is a manufacturing process that allows for parts to be produced
in large volumes. This is done by injecting molten materials into a mold of any specified design.
It is typically used as a mass production process to manufacture thousands of identical items.
Injection molding materials may include metals, glasses, elastomers, and confections, although it
is most used with thermoplastic and thermosetting polymers.
The average cost of an injection mold can range anywhere from $100 to $1,000,000+.
The cost per mold is all dependent on how intricate the design is and how large. However, what
makes injection molding so cost-effective is the cost of the injection material is significantly
cheaper for a mass production rate than if using a different raw material or metal. This is a
classic example of spending money upfront to save money in the future. If one were to not use
injection molding, the material selection alone would drive up the price per unit. On top of that,
the labor and machinery required to produce a ramp would be significantly larger, driving up the
price per unit.
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While the initial mold cost may seem high, injection molding is a cheap way to mass
produce a product at a large rate with high consistency. The relative cost for a large batch size is
depicted in the figure below. As shown, the overall relative cost decreases as the demand and
parts produced rises.

Figure 31: Relative cost index versus batch size graph for injection molding

Injection molding also allows for extremely intricate designs to be made with ease. Using
another material, such as aluminum or stainless steel, may require a significant amount of
milling, cutting, press breaking, welding, etc., causing a drastic increase in production cost. As
defined, injection molding fit perfectly with our manufacturing needs and proved to be the best
process we recommend.
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4.3 Cost Analysis
We formulated a simple cost analysis with our top three recommended ramp materials.
We wanted to get a strong idea of the similarities and differences between these materials and
look at the individual material costs. This can be seen in Figure 32 below.

Figure 32: Material options cost analysis

We also created a potential cost objective for both the ramp and insert by using their
mechanical property values. As our ramp has fixed dimensions, we were able to create a cost
objection based on volume. This was done using the following equation.
𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ
$
∗ 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
𝑙𝑏
For PET, the cost objective came to be 270.79. For aluminum, the cost objective came to
be 1742.78. This makes sense as aluminum costs more per pound than PET. However, due to the
insert being significantly smaller than the ramp itself, the average cost will still be less than the
ramp.
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5. Conclusion
Overall, this project has given us a deep understanding of what it takes to work on a large
product with a team. We gained great experience mimicking the real world and dealing with
outside factors. Throughout the course of the last two semesters, we have been working very
hard as a group to make sure we met all our metrics for success. Our metrics for success
included:
•

Having the lowest possible clearance for low profile vehicles

•

Creating detailed CAD files/drawings and a live simulation

•

Completing a robust marketing analysis for pricing, annual sales, potential market size

•

Determining reasonable manufacturing process/cost

•

Optimizing/re-designing insert of ramp, limiting pinch points

•

Establishing ideal material, thickness, weight, etc. through further analysis
We believe that as a team, each of these metrics were met with the best of our current

engineering abilities. Through conducting a thorough market, product, and consumer analysis,
we found that there was a rapidly growing market need for a low-cost, at-home product with
low-profile capabilities along with added versatility. Additionally, we were able to determine
that PET was our best recommended ramp material while aluminum was the best recommended
insert material. We also determined that injection molding will be the best form of
manufacturing the ramp and the most cost-effective for mass production. We were able to
conclude this while meeting all ASME Codes and Standards and completing a successful FEA
analysis as well. Our marketing research also further proved the need for this product on the
market and allowed us to make adjustments based on consumer preferences.
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One thing we noticed with our results was a small uncertainty may lie within the the FEA
simulation. This was the team’s first real experience using SolidWorks to conduct an FEA
simulation. While we did plenty of research online and discussed with peers about how to
conduct the simulation, it is possible that certain inputs were not correctly added. Based on our
knowledge and experience, our results seem reasonable, but there still may lay minor
discrepancies.
One of the best aspects of this project was the soft skills that we gained along the way.
Our teamwork and communication abilities were really put to the test. We learned to work
together as a unit and figure out how each group member could contribute in as many ways as
possible. While we did meet some issues with our sponsor and the ability to use effective
communication and stay on the same page, this gave us the ability to problem solve within our
team and make sure we knew what our goals were. We were able to effectively use our
coursework and knowledge throughout our academic careers to create a successful product. We
believe this project demonstrated our engineering abilities well and challenged us to become
better engineers for our careers to come.
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5.1 Future work
The height and turn add-ons are an optional feature that will theoretically be sold apart
from the main ramp and insert set. However, in our work of this project, this was not our primary
area of focus. Our goal was to ensure Mr. Eckert’s design was safe, adheres to ASME standards,
and to optimize the design so it could be as cheap and lightweight as possible while still meeting
safety standards and accommodating low profile cars. These additional add-ons were modeled on
SolidWorks based on seeing Mr. Eckert’s prototype. The 3D printed model was developed for
visual purposes only. Future work would include redesigning the height add-on to ensure most
wheel sizes can safely fit. For the turn add-on, it will need to be designed to add a turning
mechanism for the circle plate. This would probably just be a plate on a bearing. Finally, for
these add-ons, it will also need to be determined what material it will be made from and how it
will be manufactured.
From a manufacturing standpoint, while we recommended the best processes, an actual
manufacturer will still need to be chosen to begin production. Due to an inability to receive
industry quotes throughout the duration of this project, this decision will be up to the discrepancy
of the inventor.
Another area of potential work would be future optimization and redesign. On design
day, we were presented with the question of whether the ramp can be stackable for storage
purposes. While we did not investigate this as it was not one of our metrics for success, it could
pose as a good future idea down the road.
It is also important to note that while we believe in our engineering abilities and our
recommendations, we are not yet engineers at the professional or industry level.
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Appendix

A. Part Drawings

Figure A-1: Original Ramp Drawing
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Figure A-2: Original Insert Drawing
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Figure A-3: Finalized Ramp Redesign Drawing
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Figure A-4: Finalized Insert Redesign Drawing
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Figure A-5: Optional Ramp Height Add-On Drawing

46

Figure A-6: Optional Ramp Turn Add-On
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B. Marketing Analysis

Figure B-1: Specialty-Equipment Retail Spending Forecast by Age from “SEMA Future
Trends” Report

Figure B-2: Specialty-Equipment Industry Market Size Forecast from “SEMA Future
Trends” Report
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Figure B-3: Total Number of Accessorizers in 2020 by Age from “SEMA Future Trends”
Report
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C. Survey Results

Figure C-1: Demographic of car shop/non-car shop employees from consumer survey

Figure C-2: Ramp brands utilized by participants

Figure C-3: Materials of ramps used by participants

Figure C-4: Ramp material preference

50

Figure C-5: Cost of ramps used by participants

Figure C-6: Ranking of value

Figure C-7: Likeliness to recommend ramp used

Figure C-8: Clarity of if ramp used by participant met their expectations

Figure C-8: Ranking of the effectiveness of method used to lift
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D. Design Requirements Objective Tables

Figure D-1: Performance-based Material Design Requirements

Figure D-1: Performance-based Material Design Requirements
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E. Material Properties

Figure E-1: PET Material Properties used

Figure E-2: Aluminum Material Properties
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